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(54) Sealed, nozzle-mix burners for silica deposition 

(57) Burners (40) for producing fused silica boules 
are provided. The burners employ a tube-in-tube (301- 
306) design with flats (56. 50) on some of the tubes 
(305. 301) being used to limit the cross-sectoral area of 
certain passages (206. 202) within the burner and/or to 
atomize a silicon^ontaining. liquid source rnatenal, 
such as OMCTS. To avoid the possibility of flashback, 
the burner has separate passages for fuel (205) and 
oxygen (204. 206). i.e.. the burner employs nozzle -rax- 
ing rather than prefixing, of the fuel and oxygen. The 
burners are installed in burner holes (26V formed .n me 
crown (20) of a furnace and form a seal with those holes 
so that ambient air cannot be entrained into the furnace 
through the holes. An external air cooled jacket (60) can 
be used to hold the temperature of the burner below a 
prescribed upper limit e g.. 400°C. 
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Description BEST AVAILABLE COPY 

■ i g nnvFRNMFNT RIGHTS 

, I0 001] me government of me United Slates of America has rights in ftk h«nfan ^^J22d^ 
B2991 1 43 awarded by the Regent of the University of California under pnme contract No. W-7405-ENG-48 awarded by 

the US. Department of Energy. 
fici n OF THF INVENTION 

10 . . in h ^ -.^ alass and in particular, to burners for producing silica soot from which 

more dopants, as does the term 'silica soot". 

,5 RA QKfiROUND ™ THF INVENTION 

a crown which carries the soot producing burners. in the past to produce fused 

[0004] *gure1showsthefrc*rtface8ofa^ 

silica boules. This burner has f rve zones or ^« ^ ^ ^ ( 9 2) generate a , teme of suitable 

the particles as they are collected at ^rface ^ b^ e . ^ a mixture of 

[00051 For the burner of Figure 1 region ™ ™ » ™ 18 ^ known as the inner and outer shields, 
nitrogen gas and a vaporiz* ««^^ e JJJ 1 * She "premie rings" and carry a mixture of fuel 

dimensions of front face 8 are typically about 3.4 inches by J^J was ^ tetrachloride or a 

desired. As a result of environmental ^^^.^^S ^S^J referred exanple since in 
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45 m Afthough burners and burner/crown configurations of the type shown". F^ures 1 ^^^^ 
f uSyin practice they have had some drawbacks. In particular these burners have suffered from the fol.ow.ng problems. 

0) 'K^ffSU »arge frontal areas exposed to furnace conditions. fte V**^*™"* 
because oiuiwucn ^.u. rpmwed t0 avoid variations n the burner's flame characteristics 

rss;^ 8 ^ rssss. .ss « * » «*— 

^ SS^* h not *po*d on *. boule ncta^M ba* and to* •> t» of •» burner. 
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makes the burners more complex to build and operate, 
and between different boules. 

(4) Emicsinns Problem plwated levels of NO. in the exhaust gases 

for NO x production, e.g., above 1600-C. 

inputted to the furnace to keep it at its operating temperature. 

(6) E SJ^ t SSot fue. and oxygen to regions 14 and 16 makes these regions and the feed .ines lead- 
ing thereto susceptible to flame flashback. 

lems. 

nFR P.RIPTION ™= TMF PRIOR ART 

I0W11 me use of haltfe-free. *»— "S** T« ^SESS^ 

see— r^- « us - — * 5 - 154J44 - ^ 

tents of these prior patents are ^^^^ June j*. 1997. discloses soot producing burners 
[00121 PCT Patent Publication No. WO 97/22553. P^^oon^ octemethylcyclotetrasiloxane (OMCTS). The 
In Jean be used with ha.ide-.ree. atomized in the burner by an 

halide-free. silicon-containing compound W^^Sl^ burner's flame See also pending U.S. applica- 

tSESSS SSSSS ?« «. * so. - - 

both of which are incorporated herein by refejence Dro ducing soot from silicon tetrachloride which 

[0013] M,er et a... U.S. ^^J^^^^^^ converts l^d si.icon tetrachloride 
includes an ultrasonic nozzle which when operateo ai a ireque , 

into a fine mist. cnQ , 7Rn ^ oxvqen/fuel burner which atomizes liquid fuel by means 

[00 141 Brown et al.. U.S. Patent No .WW ^f^^05JSB0.T». disctose oxygen/fuel burners for use 
of an integral atomizer. Brown et a... ^^^^coLSion and. during use. are sealed to the wall of a 
in glass conditioning. M- .employ £*£%Zf£ discloses a further construction for an oxygen/fuel 

r^et^nTw^ 

aTngTemP^tuTon the heattenstfve raw materia.(s) used to produce s,.,ca soot 

Sj IMMARY OF TUP INVENTION 

£5, burners «W* KM some o< al ol the fo»o«ing properties: 

• _ 4mn+ai arpp nf the burner and thus minimize the soot 

(^burner usesatube^ 

build-up problem. For example, the ^^J^^ rners of the type shown in Figures 1 and 2 had fron- 
; about 0.32 square inches (2.1 square centimeters) whereas ; Durners «~ 

tal areas of about 1 .8 square inches (1 1 ■*^ n| "™^ r liquid an d/or gaseous materials, namely. 
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the first tube and the inner surface of the next innermost (second) tube (the first pair of tubes), a third passage 
dined by the outer surface of the second tube and the inner surface of the third tube (the second pa.r of tubes), 
and so on. In this way. "n" tubes define "n" passages. 

Not all passages need extend throughout the entire length of the burner. Fa example, as discussed betowjhe 
f irst tube may erxJprior to the face of the burner, whereupon the contents of the first passage merge wrth thecon- 
tSsTthe se^nd Tpassage. The innermost passage at the face of the burner is then defined by the .nner surface 
of the second tube, rather than the inner surface of the first tube. 

(2) To provide a focused, relatively uniform flow pattern, one or more of the passages ^^by the^n^be 
design can include flats in. for example, the vicinity of the burner s face which serve to gu.de the flow of gas out of 
ST These flats can be oriented at an angle with respect to the burner's face, ej, at an angte of approx,- 
™SvKd<wL with respect to the burner's axis (see Figure 4). The flats are preferably formed on theoutersur- 
S of fo ^eftube o?E P* of tubes which defines the passage. Atternatively although .ess preyed for 
nZlauma reasons the f late can be formed on the inner surface of the outer tube of the pair of tubes which 
Zt£ZS£XJ£i be noted that in either case, sizing the tubes so that they make contact at the comers 
of innate Ea of flats on the inner tube or at the centers of Ms in the case of flats on^outertutj^ 
ta a passage of limited cross-sectional area. This contacting also aids in centering the inner tube wrth.n the bore of 
the outer tube 

<3\ Rats can also serve to atomize a liquid raw material, e g., liquid OMCTS or a mixture of liquid OMCTS and one 

^particular. S accordance wHh these aspects of the invention, the .quid raw matena. is 
^ed to *«Jforees asit passes through a restriction zone formed by flats. Preferably, the passage wh.ch«r- 
nSCTnS Serial has^cross-sectiena. area which decreases as the raw ^^^TJ^on 
Son zone and a cross-sectional area which increases after the raw material has passed through rttie restncbon 

cross-sectional areas can be achieved by. for example, tapering one or both of the tube sur- 
S£s w^STthe passage. In addition to the restriction zone, the passage car^ngthe »^Ktraw^ 
pM» merges with a passage carrying gas. eg., a passage carrying oxygen, downstream of the restriction 

zone to further enhance the atomization of the liquid raw material. 

to orifices, flats have the advantage of being able to achieve atom.zat.on for low flow rates of a 
liquid raw material, eg., flow rates less than about 10 grams/minute. 

(4) To minimize soot deposition on the face of the burner, it has been found that the passage which provides soot 
{ 1^Z material the burner flame needs to extend beyond the face of the burner. Preferably, ftspes- 
SgSe center passage of the burner and the passages surrounding the center passage, which carry fuel and 
oxygen, are angled towards the center passage to further reduce soot build up on the burner face. 

fa The burners are sealed to the crown of the furnace so as to substantially completely eliminate inspiration of air 
Some^e at Relocations of the burners. Preferably, inspiration is completely eliminated arthough .n some 
Sse^ rnTramounts of leakage of air at the crown/burner interface can be tolerated without encountenng the var- 
ious problems discussed above which result from large amounts of air passing through a burner hole. 

ta Coolina of such sealed burners is accomplished by the flow of gases through the burner. In particular; oxygen 
S ?M K^^ermost passage of the burner where the greatest amount of heat transferfrom the crown 
^TaSxi, the burner canbe equipped with an externa, air cooled jacket to further reduce rts interna, oper- 
ating temperature. 

(7) The burner has completely separate passages for fuel (e.g., methane, natural gas. hydrogen, etc.) and oxygen 
2 SSdngd foe. and oxygen does not occur until after these materials have exrted the burner faca thus 
SnSg foe polity of f fosriSL*. That is. the burner of foe invention uses "nozzle mbdng" « the fuel and oxy- 
gen rather than "premixing" of these materials 

root 71 By means of these features, the invention provides improved burners which are economical to build, use. and 
service, and which allow for more efficient and controlled production of fused sihca boules. 
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[0018] 

5 Figure 1 is a schematic drawing of the front face of a prior art burner for producing silica soot 

Figure 2 is a schematic side view of a prior art burner showing the spaced relationship between the burner and the 
furnace crown. 

Figure 3 is a schematic side view of a burner constructed in accordance with the present invention showing the 
sealed relationship between the burner and the furnace crown. 
70 Figure 4 is a cross-sectional view of a first embodiment of the nozzle portion of the burner of Figure 3. 
Figure 4A shows the face of the burner of Figure 4. 

Figure 5 is a cross-sectional view of the manifold portion of the burner of Figure 3. 
Figure 6 is a cross-sectional view of an internal atomizer constructed in accordance with the invention. 
Figure 7 is a cross-sectional view along lines 7-7 in Figure 6. 
15 Figure 8 is a cross-sectional view along lines 8-8 in Figure 6. 
Figure 9 is a cross-sectional view along lines 9-9 in Figure 6. 

Figure 10 is a cross-sectional view of a second embodiment of the nozzle portion of the burner of Figure 3. 
Figure 10A shows the face of the burner of Figure 10. 

Figure 1 1 is a cross-sectional view of a third embodiment of the nozzle portion of the burner of Figure 3. 
20 Figure 1 2 is a schematic diagram illustrating the use of an air cooled jacket to reduce the burner's internal operating 
temperature. 

Figure 13 is a cross-sectional view of an alternate internal atomizer constructed in accordance with the invention. 
Figure 14 is a cross-sectional view along lines 14-14 in Figure 13. 

25 [0019] The foregoing drawings, which are incorporated in and constitute part of the specification, illustrate the pre- 
ferred errbodiments of the invention, and together with the description, serve to explain the principles of the invention. 
It is to be understood, of course, that both the drawings and the description are explanatory only and are not restrictive 
of the invention. 

[0020] The reference numbers used in the drawings correspond to the following: 

30 

1-6 flew arrows 

7 previously used soot producing burner 

8 front face of previously used soot producing burner 
1 0 fume tube of previously used soot producing burner 

35 1 2 inner shield of previously used soot producing burner 

1 4 premix ring of previously used soot producing burner 

1 6 premix ring of previously used soot producing burner 

1 8 outer shield of previously used soot producing burner 

20 furnace crown 

40 22 outer face of furnace crown 

24 gap between previously used soot producing burner and furnace crown 

26 burner hole 

28 feed line 

30 feed line 

45 32 feed line 

34 line for cooling water 

36 line for cooling water 

38 burner flame 

40 burner of present invention 

so 42 manifold portion of burner 40 

44 nozzle portion of burner 40 

46 chamfered surface of nozzle 44 

48 restriction zone 

50 fiats 

55 52 spaces formed by flats 50 

54 restriction rod 

56 flats 

58 spaces formed by flats 56 
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60 


an cocxeo jaovt?i 


62 


air inlet of air cooled jacKet 


64 


air outlet of air cooled jacKei 


66 


internal plenum or air cooieo jawsei 


68 


external plenum or air ccxjiwj 


70 


air flow arrow 


72 


annular ring tor atomization 


74 


burner axis 


101-106 


entrance ports 


201-206 


passages 


301-306 


tubes 


403^06 


drilled apertures 
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DESCRIPTION OF THE PRFFFRRED EMBODIMENTS 

r0021l As discussed above, the present invention relates to improved burners for use in producing fused silica boules. 
Figure 3 is a schematic drawing showing the overall construction of such a burner. As shown thereja burner 40 includes 
manifold portion 42 and nozzle portion 44. The nozzle portion forms a seal with crown 20 at chamfered surface ^4* 
100221 Manifold portion 42 has six entrance ports for receiving processing gases, fuel, and the raw rr«teral(s) wheh 
forms the soot As shown in Rgure 5. the burner includes six tubes which by means of the tubenn-tube coostructon 
form six passages for carrying the gases, fuels, and raw materials (collectively, the "source matenate"). Table 1 sets 
forth the correspondence between the source materials, the entrance ports, the passages, and thetubes^ 
100231 figures 6-9 illuslrate the use of a restriction zone 48 formed by flats 50 on the outer surface of tube 301 to 
apply shear to the .quid raw material flowing in passage 202. For OMCTS. the spaces 52 between the outer surfaceof 
Se 301 and the inner surface of tube 302 at the restriction zone can. for example, have a max.mum^.c^essofa005 
inches (0 13 millimeters). All other dimensions being held constant the use of more or less flate will respectively 
decrease or increase this maximum thickness. Using routine experimentation, persons skilled in the art can readrty 
determine a suitable number of flats for any particular application of the invention. „ . . . 

[0024] As also shown in Figures 6-9. the cross^ectfonal area of passage 202 decreases as the hquid raw materal 
approaches the restriction zone and then increases after the raw material has passed through the restriction zone. As 
shown in figure 6. these decreases and increases in cross-sectional area can be achieved by p^.rxj fte oirtersur- 
face of tube 301 and the inner surface of tube 302 with tapers which begin at different locations and have different taper 
angles For example, the outer surface of tube 301 can begin tapering closer to the face of the burner and canhavea 
taper angle of. for example. 5° while the inner surface of tube 302 can begin tapering farther from the burner face and 
ran have a taper angle of. for example. 3V*°. In this way. these surfaces converge before the restriction zoneand 
diverge after that zone. Other taper configurations can. of course, be used in the practice of the invention. For example, 
the outer surface of tube 301 can have a taper angle of 4° when used with the embodiment of Rgure 11. 
[00251 Figures 6-9 also illustrate (1) the merger of passage 202 with passage 201 downstream of the restncbon zone 
and (2) the use of a restriction rod 54 to reduce the cross-sectional area of passage 202 after the merger and to ateo 
reduce the cross-sectional area of passage 201 prior to the merger. The use of this restriction rod in concretion with 
the merger of passage 201 with passage 202 further enhance the atomization of the liquid raw material. In partcuter. 
the merger and the restriction rod enhance atomization through the application of relatively high pressure Og to the 
droplets of liquid raw material created at the restriction zone. 
[0026] Other conf igurations for restriction zone 48 include the following: 

(1) Rather than using flats 56. tube 301 can be positioned relative to tube 302 to form a thin annular ring which 
serves to atomize the liquid raw material. The approach is illustrated in Figures 13 and 14. where the annular nng 
is identified in Figure 1 4 by the reference number 72. A suitable thickness for such an annular ring is approximately 
0.004 inches (0. 1 millimeters). Such a thickness can be readily achieved by retracting tube 301 relative to tube 302 
by about 3/64 of an inch (1 .2 millimeters). 

(2) The passages which carry the liquid raw material and the atomizing oxygen can be reversed, e.g. , passage 201 
can carry the liquid raw material and passage 202 can carry the oxygen. In this case, flats 56 serve to reduce the 
cross-sectional area of passage 202 and. along with the taper on the inner surface of tube 302. serve to guide the 
oxygen into the stream of liquid raw material so as to break the stream into droplets. 

(3) Variations (1) and (2) can be combined, i.e.. the flats can be removed and the passages which carry the liquid 
raw material and the atomizing oxygen can be reversed. 

[0027] Figures 4 and 4A show the nozzle portion of burner 40 downstream of restriction zone 48. To reduce the cross- 
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sectional area of passage 206, tube 305 includes flats 56. The spaces 58 between the outer surface of tube 305 and 
the inner surface of tube 306 formed by these flats can, for example, have a maximum thickness of 0.01 inches (0.25 
millimeters). As with flats 50, the use of more or less flats will respectively decrease or increase this maximum thick- 
ness. Using routine experimentation, persons skilled in the art will readily be able to determine a suitable number of flats 
5 for any particular application of the invention. 

[0028] Figures 1 0 and 1 0A show a variation of Figures 4 and 4 A wherein passage 203 has been omitted. Correspond- 
ing changes are made to the manifold portion of the burner (not shown). 

[0029] Figure 1 1 shows a further variation in which passage 202 extends beyond the face of the burner and passages 
203, 204, 205, and 206 are angled towards passage 202 to fully develop (streamline) the gas flows exiting the burner 
w face and thus improve the burner's flame characteristics. The amount of extension of passage 202 beyond the face of 
the burner will depend upon the particular application of the invention. In general, this extension will be about 0.25 
inches (6.4 millimeters). 

[0030] As can be seen in Figure 1 1 , passage 204 narrows as it approaches the face of the burner, while passage 205 
widens. The inclination of the inner and outer surfaces of tubes 302, 303, 304. 305, and 306 relative to the burners axis 
15 is set forth in Table 2. The values given in this table are for natural gas as the fuel and OMCTS as the silicon-containing 
raw material. Different angles may be required for other fuels and source materials. Based on the disclosure herein, the 
particular angles and dimensions to be used for any particular application of the invention can be readily determined by 
those skilled in the art using routine experimentation. 

[0031 ] Figure 1 1 also illustrates the use of drilled apertures 403, 404, 405, and 406 to form portions of passages 203, 
20 204, 205, and 206, respectively. These apertures facilitate the manufacture of the various tubes making up the burner 
through a combination of drilling the apertures and machining the tube surfaces to achieve the desired part configura- 
tions. 

[0032] Although not shown in Figure 1 1 , the atomization apparatus of Figures 6-9 or the variations thereof discussed 
above can be incorporated in this burner in the same manner as it is incorporated in the burners of Figures 4 and 10. 
25 On the other hand, the burner of Figure 1 1 , as well as those of Figures 4 and 10, can be used without an internal atom- 
izer. In such a case, the soot producing material, e.g., OMCTS, is provided to entrance port 102 in vaporized form, 
optionally mixed with, for example, nitrogen, from which it passes to the face of the burner through passage 202. 
Entrance port 1 01 and tube 301 are then not included as part of the burner. 

[0033] Figure 12 illustrates the use of an external air cooled jacket 60 for providing additional cooling to the burner in 

30 cases where the internal flow of gases through the burner is not sufficient to keep the burner's internal operating tem- 
perature at a desired value. Air cooled jacket 60 has an air inlet 62 which is connected to an internal plenum 66. It also 
has a series of air outlets 64 which are connected to external plenum 68. The cross-sectional area of the external ple- 
num is preferably greater than the cross-sectional area of the internal plenum to accommodate the increase in volume 
of the cooling air as it is heated by contact with the outer surface of tube 306. 

35 [0034] Figure 1 2 also illustrates the mating of the burner of Figure 1 1 with the furnace's crown. Since the front end of 
the nozzle of this burner is already slanted, a chamfer is not required to provide a suitable surface for sealing engage- 
ment with burner hole 26. It should be noted that the burner of Figures 1 1 and 12, as well as those of Figures 4 and 10, 
are serf -aligning with respect to burner hole 26. This feature provides more efficient furnace assembly compared to the 
prior art burner of Figures 1 and 2 which had to be aligned with the burner hole. Also, impingement of the burner flame 

40 on the walls of the burner hole is less likely with the burners of the invention than with the previously used burners. 
[0035] The burner of Figures 1 1 and 1 2 was tested using the flow rates and source material temperatures set forth in 
Table 3. Room temperature air was supplied to air cooled jacket 60 at a rate of 15 cubic feet per hour. A thermocouple 
was mounted to the face of tube 306 and recorded temperatures in the range of 350-400°C during operation of the 
burner. These temperatures are well within the operating range of a burner constructed of, for example, stainless steel 

45 and are suitable for use with OMCTS as the liquid raw material. With tube 302 extending beyond the face of the burner 
and with O2 flowing in passage 203, essentially no build up of soot on the face of the burner was observed. Soot build 
up, however, was observed when either of these preferred features of the burner was omitted. 
[0036] A glass boule was prepared using vaporized OMCTS in a nitrogen carrier and the apparatus of Figures 1 1 and 
12. The flow rates used are shown in Table 4. The burner was found to work successfully in all respects and to produce 

50 high quality glass. 

[0037] Various materials can be used to construct the burners of the present invention. For example, manifold 42 can 
be constructed of aluminum, tube 306 of Figures 4 and 1 0 can be made of a refractory material, e.g., alumina, tube 306 
of Figures 1 1 and 1 2 can be made of stainless steel, and all other tubes can likewise be made of stainless steel. Other 
materials can, of course, be used in the practice of the invention. 
55 [0038] Although preferred and other embodiments of the invention have been described herein, further embodiments 
may be perceived by those skilled in the art without departing from the scope of the invention as defined by the following 
claims. 
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TABLE 1 



Source Material 


Row Arrow 


Entrance Port 


Passage 


Passage Cross-Sec- 
tional Area in inches 2 
(cm 2 ) 1 


luoes wmcn uenne 
Passage 


02 


1 


101 


201 


0.0034 (0.02) 


inner sunace or oui. 


Liquid raw material, 
e.g., OMCTS 


2 


102 


202 


0.0034 (0.02) 


Inner surface of 302 
and outer surface of 
301. 


O2 or an inert gas, 
e.g., argon 2 


3 


103 


203 


0.015 (0.09) 


Inner surface of 303 
and outer surface of 
302. 


o 2 

* 


4 


104 


204 


0.037 (0.24) 


Inner surface of 304 
and outer surface of 


Fuel, e.g., natural 
gas, methane, or 
hydrogen 3 


5 


105 


205 


0.05 (0.32) 


Inner surface of 305 
and outer surface of 
304. 


O2 


6 


106 


206 


0.098 (0.63) 


Inner surface of 306 
and outer surface of 
305. 



70 



15 



20 



25 



30 



is calculated a! lines 8-8 or 9-9 in Figure 6. The cross-sectional area of passage 202 represents the area with restriction rod 
56 in place, i.e., it represents the cross-sectional area at fines 7-7 in Figure 6. 

*Tne use of an inert gas as flow 3 tends to delay combustion and thus move the burner's flame away from the burner's face 
which may be advantageous for some applications. 

*The cross-sectional area of passage 205 is adjusted depending on which fuel is used. In particular, hydrogen requires a 
larger cross sectional area than methane or natural gas, e.g., twice the cross-sectional area. 
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TABLE 2 



Surface 


Inclination Angle a 1 


Inner surface of tube 302 


3.5° to the right of the burner face; 0° to the left of the burner face. 


Outer surface of tube 302 


4° 


Inner surface of tube 303 


4° 


Outer surface of tube 303 


6.5° 


Inner surface of tube 304 


8° 


Outer surface of tube 304 


10° 


Inner surface of tube 305 


8° 


Outer surface of tube 305 


10° 


Inner surface of tube 306 


10° 


Outer surface of tube 306 


15° 



1 Measured with respect to the burners axis 74 shown in Figure 1 1 . The angle a equals 90° minus the 



angle p shown in Figure 11. 
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TABLE 3 



Source Matenai 




OUIII L>c IVJalCl IdJ I lUW 

Rate 


Source Material Temoer- 
ature (°C) 


02 


201 


7slpm 


15 


OMCTS 


202 


6.5 g/min 


15 


02 


203 


10 slpm 


15 




204 


20 sipm 


15 


Natural Gas 


205 


20 slpm 


15 


o 2 


206 


20 slpm 


15 



TABLE 4 



Source Material 


Passage 


Source Material Row 
Rate 


Source Material Temper- 
ature (°C) 


OMCTS 


202 


6.5 g/min 


175 


N2 


202 


5 slpm 


175 


O2 


203 


10 slpm 


15 


O2 


204 


20 slpm 


15 


Natural Gas 


205 


20 slpm 


15 


0 2 


206 


20 slpm 


15 



Claims 

1. A burner for producing silica soot from a plurality of source materials which comprise a silicon-containing source 
material, fuel, oxygen, and optionally an inert gas, said burner having a burner face and a tube-in-tube construction 
which defines a plurality of passages for carrying flows of source materials to the burner face, said burner compris- 
ing: 

(a) a first entrance port which provides one of oxygen and the silicon-containing source material to the burner, 
said first entrance port being connected to a first passage defined by a first tube, said first passage extending 
from the first entrance port towards the burner face; 

(b) a second entrance port which provides the other of oxygen and the silicon-containing source material to the 
burner, said second entrance port being connected to a second passage defined by the first tube and by a sec- 
ond tube, said second passage extending from the second entrance port towards the burner face; 

(c) a third entrance port which provides oxygen or an inert gas to the burner, said third entrance port being con- 
nected to a third passage defined by the second tube and by a third tube, said third passage extencing from 
the third entrance port towards the burner face; 

(d) a fourth entrance port which provides oxygen to the burner, said fourth entrance port being connected to a 
fourth passage defined by the third tube and by a fourth tube, said fourth passage extending from the fourth 
entrance port towards the burner face; 

(e) a fifth entrance port which provides fuel to the burner, said fifth entrance port being connected to a fifth pas- 
sage defined by the fourth tube and by a fifth tube, said fifth passage extending from the fifth entrance port 
towards the burner face; and 

(f) a sixth entrance port which provides oxygen to the burner, said sixth entrance port being connected to a 
sixth passage defined by the fifth tube and by a sixth tube, said sixth passage extending from the sixth entrance 
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port towards the burner face; 

wherein the sixth tube surrounds the fifth tube which surrounds the fourth tube which surrounds the third tube 
which surrounds the second tube which surrounds the first tube. 

2. The burner of Claim t wherein at least one of the tubes comprises flats for reducing a transverse cross-sectional 
area of a passage. 



3 The burner of Claim 1 wherein the second entrance port provides the silicon-containing source matenal to the 
burner the silicon-containing source material is a liquid, and the second passage comprises a restriction zone for 
w atomizing the liquid, said restriction zone being located between the second entrance port and the burner face. 

4. The burner of Claim 3 wherein the restriction zone comprises flats formed on at least one of the first and second 
tubes. 

is 5. The burner of Claim 3 wherein the restriction zone comprises an annular ring of reduced cross-sectional area 
formed by a taper on at least one of the first and second tubes. 

6 The burner of Claim 3 wherein the second passage has a transverse cross-sectional area which increases both in 
a direction from the restriction zone towards the second entrance port and in a direction from the restriction zone 
20 towards the burner face. 

7. The burner of Claim 6 wherein at least one of the first and second tubes comprises a taper which produces said 
increases in transverse cross-sectional area. 
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8. The burner of Claim 3 wherein the f irst and second passages merge at a location between the restriction zone and 
the burner face. 

9. The burner of Claim 8 further corrprising a restriction rod which reduces at least one transverse cross-sectional 
area of the first passage and at least one transverse cross-sectional area of the merged first and second passages. 

10. The burner of Claim 1 wherein the second tube extends beyond the face of the burner. 

11. The burner of Claim 10 wherein the flows of source materials carried by the third, fourth, fifth, and sixth passages 
are angled towards the second tube at the burner face. 

12. The burner of Claim 1 wherein the sixth tube has an outer surface which comprises an angled portion for sealing 
engagement with a burner hole formed in a crown of a furnace. 

13. The burner of Claim 1 wherein the sixth tube has an outer surface and the burner further comprises an air cooled 
40 jacket which surrounds at least a portion of said outer surface. 

14. The burner of Claim 1 wherein the fifth passage is isolated from the fourth and sixth passages so that fuel and oxy- 
gen do not mix within the burner. 

45 1 5. A method for making a fused silica glass comprising: 

(a) providing a furnace crown having at least one burner hole; 

(b) providing a burner according to Claim 1 ; 

(c) sealing the burner to the at least one burner hole; 

so (d) providing one of oxygen and a silicone-containing source material to the burner's first entrance port; 

(e) providing the other of oxygen and a silicon-containing source material to the burner's second entrance port; 

(f) providing oxygen or an inert gas to the burner's third entrance port; 

(g) providing oxygen to the burner's fourth entrance port; 

(h) providing fuel to the burner's fifth entrance port; and 
55 (i) providing oxygen to the burner's sixth entrance port. 



16. The method of Claim 15 wherein oxygen is provided to the burner's third entrance port in step (f). 
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17 A burner for producing silica soot from a plurality of source materials which comprise a silicon-containing source 
' material in vapor form, fuel, oxygen, and optionally an inert gas, said burner having a burner face and a tube-in- 
tube construction which defines a plurality of passages for carrying flows of source materials to the burner face, 
said burner comprising: 

(a) a first entrance port which provides the silicon-containing source material to the burner, said first entrance 
port being connected to a first passage defined by the first tii>e, said first passage extending from the first 
entrance port towards the burner face; 

(b) a second entrance port which provides oxygen or an inert gas to the burner, said second entrance port 
being connected to a second passage defined by the first tube and by a second tube, said second passage 
exterxfing from the second entrance port towards the burner face; 

(c) a third entrance port which provides oxygen to the burner, said third entrance port being connected to a 
third passage defined by the second tube and by a third tube, said third passage extending from the third 
entrance port towards the burner face; 

(d) a fourth entrance port which provides fuel to the burner, said fourth entrance port being connected to a 
fourth passage defined by the third tube and by a fourth tube, said fourth passage extending from the fourth 
entrance port towards the burner face; and 

(e) a f ifth entrance port which provides oxygen to the burner, said f ifth entrance port being connected to a fifth 
passage defined by the fourth tube and by a f ifth tube, said fifth passage extending from the fifth entrance port 
towards the burner face; 

wherein the f ifth tube surrounds the fourth tube which surrounds the third tii>e which surrounds the second 
tube which surrounds the first tube. 

18. The burner of Claim 17 wherein at least one of the tubes comprises flats for reducing a transverse cross-sectional 
area of a passage. 

19. The burner of Claim 1 7 wherein the f irst tube extends beyond the face of the burner. 

20. The burner of Claim 1 9 wherein the flows of source materials carried by the second, third, fourth, and fifth passages 
are angled towards the first tube at the burner face. 

21 . The burner of Claim 1 7 wherein the fifth tube has an outer surface which comprises an angled portion for sealing 
engagement with a burner hole formed in a crown of a furnace. 

22. The burner of Claim 17 wherein the fifth tube has an outer surface and the burner further comprises an air cooled 
jacket which surrounds at least a portion of said outer surface. 

23. The burner of Claim 17 wherein the fourth passage is isolated from the third and fifth passages so that fuel and 
oxygen do not mix within the burner. 

24. A method of making a fused silica glass comprising:" 

(a) providing a furnace crown having at least one burner hole; 

(b) providing a burner according to Claim 1 7; 

(c) sealing the burner to the at least one burner hole; 

(d) providing a silicon-containing source material in vapor form to the burner's first entrance port; 

(e) providing oxygen or an inert gas to the burner's second entrance port; 

(f) providing oxygen to the burner's third entrance port; 

(g) providing fuel to the burner's fourth entrance port; and 

(h) providing oxygen to the burner's f ifth entrance port. 

25. A burner comprising a plurality of concentric tubes, said tubes defining a plurality of passages, at least one of said 
tubes comprising flats for reducing a cross-sectional area of a passage. 

26. A burner comprising a plurality of concentric tubes, said tubes defining a plurality of passages, at least one of said 
passages comprising a restriction zone for atomizing a liquid source material flowing in said passage. 



27. The burner of Claim 26 wherein the restriction zone comprises flats on at least one of the tubes which defines said 
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at least one passage. 

28. The burner of Claim 26 wherein the restriction zone comprises an annulus of reduced cross-sectional area pro- 
duced by a taper on at least one of the tubes which defines said at least one passage. 

5 29 The burner of Claim 26 wherein said passage has a transverse cross-sectional area which increases both in a 
direction upstream from the restriction zone and in a direction downstream from the restriction zone. 

30. The burner of Claim 29 wherein at least one of said tubes comprises a taper which produces said increases in 
10 transverse cross-sectional area. 

31. The burner of Claim 26 wherein said at least one passage merges with another passage downstream of said 
restriction zone to form a merged passage. 

is 32. The burner of Claim 31 further corrprising a restriction rod which reduces at least one transverse cross-sectional 
area of said at least one passage and at least one transverse cross-sectional area of said merged passage. 

33 A burner for producing silica soot said burner having a burner face and comprising a plurality of concentric tubes, 
said tubes defining a plurality of passages, wherein one of the tubes extends beyond the face of the burner and at 
least some of the remaining tubes are angled towards said one tube at the burner face. 
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34. A furnace for produced fused silica comprising a crown and a plurality of soot producing burners wherein the soot 
producing burners are sealed to the crown. 
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